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LIFE CYCLE AND RAPID CHANGING OF ZONE TIMES 
DURING AERIAL TRAVEL 

J. LaVernhe 

ABSTRACT. 
in t e r rup t ion  of t he  nychthemeral cycle ,  which i n  tu rn  
causes b io log ica l  i l l - e f f e c t s .  Commercial f ly ing  crews 
experience mainly f a t igue  and d iges t ive  disorders .  The 
b e s t  ways f o r  overcoming these  two i l l - e f f e c t s  are dis-  
cus sed. 

T i m e  displacement during a i r  travel causes an 

Phi leas  Fogg, t he  famous hero of Ju l e s  Verne, having wagered h i s  
e n t i r e  for tune  t h a t  he would go around the  world i n  e ighty days, found 
himself faced with f i n a n c i a l  r u i n  on reaching London a f t e r  a voyage of 
e ighty days and f i v e  minutes! 
"gained a day" by t r ave l ing  aga ins t  t h e  sun, and i n  r e a l i t y  he  had an 
easy head start of twenty-three hours and f i f t y - f i v e  minutes. To  be 
sure ,  h i s  journa l  accounted f o r  eighty-one elapsed days, b u t ,  during 
t h i s  t i m e ,  London had l i ved  through only eighty days - a miracle of t he  
zone t i m e  and t h e  in t e rna t iona l  da t e l ine  change. I n  f a c t ,  our globe is  
divided by t h e  meridians i n t o  twenty-four t i m e  zones, each covering f i f -  
teen degress of longi tude,  and the  da t e l ine  change is  located opposi te  
London, i n  t h e  middle of t h e  P a c i f i c  Ocean. 

Had he  l o s t  h i s  be t ?  No, because he had 

Thus Phi leas  Fogg, t r ave l ing  eastward, l i ved  through t h e  same day 
twice. L e t  us  assume t h a t  he a r r ived  on a Sunday, January 31, a t  2400 
hours i n  the  neighborhood of t h e  Samoan Is lands ;  he would have t o  tu rn  
h i s  calendar back immediately by one day and then read on h i s  watch: 
Sunday, 0000 hours. Two consecutive Sundays would be  recorded on the  
log book of t h e  "Commandant:" Sunday, January 31, then Sunday, January 
32, according t o  navy usage. 

I n  our t i m e ,  t he  four-engined l i n e  je ts  play havoc with zone t i m e s  
a t  every moment, penetrat ing r i g h t  through them, and catching up with 
the  sun o r  f l ee ing  ahead of i t ,  i n  def iance of t h e  calendar.  

L e t  us take t h e  example of t h e  regular  Tokyo-Paris cour ie r  v i a  
Anchorage (Polar rou te ) ,  using a 707 Boeing. 

/2623* 

* Numbers i n  t h e  margin ind ica t e  pagination i n  the  fore ign  t e x t .  
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It is 2230 hours Sunday n ight  i n  Tokyo when t h e  "JET" takes  off  
i n t o  t h e  n ight .  
rise and four  and a ha l f  hours later the  a i r c r a f t  lands a t  Anchorage, 
where i t  is  1000, s t i l l  Sunday morning, s ince  the  in t e rna t iona l  date- 
l i n e  change has been crossed. A t  1110, t h e  c r a f t  becomes airborne 
again f o r  another l a p  of n ine  hours which, a f t e r  another n igh t ' s  f l i g h t ,  
propels i t  t o  Hamburg a t  7000, then t o  Orly a t  9000 Monday morning. 

After  f l y ing  two hours,  t he  passengers see t h e  sun 

W e  l i v e  i n  a s t range  era, where Father T i m e  (Chronos), h i s  eyes 
f ixed  on t h e  s l i p  stream of seve ra l  707 Boeings, has t o  look twice t o  
note  t h e  t i m e  i n  turning over h i s  hour g l a s s .  Furthermore, he i s  not  
t he  only one and h i s  perp lex i ty  impinges on human mortals ,  whose 
physiological  n e c e s s i t i e s  have been governed by i t  f o r  a long t i m e .  
I n  e f f e c t ,  our l i f e  i s  s t r i c t l y  conditioned by the  nychthemeral (day- 
n ight  cyc le) ,  whether i t  is  a question of t h e  wake-sleep a l t e r n a t i o n  
o r  t h e  d iges t ive  funct ions which themselves are dependent upon complex 
nemoendocrine act ivi t ies .  These c i rcadian  (from t h e  Latin:  c i r c a  
diem [around the  day]) cycles  are not  broken with impunity, and t h e  
commercial av ia t ion  crews f ly ing  law dist;mcc: & s d ; - W e s t  QX vk&-vtixsa 

0: . 

DI MAN CW E 
3 '9' 

LUNOl 

Fig. 1. .- 

in at@d 
of reference o r  "universal  t i m e "  (U.T.). On both s i d e s ,  each zone t i m e  
change corresponds t o  a v a r i a t i o n  of one hour, ahead eastward, behind 
westward. I f ,  on a map of t h e  world, w e  place a penci l  po in t  over Lon- 
don a t  0000 hours on Monday, w e  w i l l  f i nd  0100 i n  Ber l in ,  0300 i n  Mos- 
cow, and so  f o r t h  as f a r  as Kamchatka, which is  s i t u a t e d  on t h e  180 
meridian, opposi te  Greenwich. Under in t e rna t iona l  convention, j u s t  
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ing  t h e  "anti-  
e are a t  1200 
day and r i g h t  

d s ,  we  have re- 

l i n e  change" i n  the  other  
d i r e c t i o n ,  we  would have 
passed from Sunday 1200 
hours t o  Monday 1200 hours,  

should be on 
e" (or  Green- 

i v e r s a l  t i m e "  
p lus  1. Many count r ies  

have s h i f t e d  the  l i m i t s  of t h e  zone t i m e s  t o  mould them on t h e i r  fron- 
tiers. 

I. The Nychthemeral Cycle /2624 

The e n t i r e  animal kingdom, beginning with a c e r t a i n  evolutionary 
s t a t e ,  i s  subjec t  t o  a nychthemeral cycle ,  c h a r a c t e r i s t i c  of each 
species .  Day and n ight  do not  only determine the  wake-sleep a t t en t ion :  
they govern the  cyc le  of t he  b io log ica l  funct ion a l so :  breathing,  c i r -  
cu l a t ion ,  d iges t ion ,  hea t  regula t ion ,  neuroendocrine processes,  etc. 
For a long t i m e  man has known t h e  c y c l i c a l  v a r i a t i o n  i n  the  blood pres- 
su re ,  pu lse ,  r e c t a l  temperature, i n  muscle t o n i c i t y ,  occular t o n i c i t y ,  
u r ine  volume, lachuymal and sa l iva ry  sec re t ions ,  etc. More recent  a r e  
the  measurements of t h e  c e l l u l a r  nychthemeral cycles  (mi to t ic  a c t i v i t y  
of t h e  d iges t ive ,  nerve, sensory c e l l s ,  e t c . ) ,  t h e  endocrine rhythms 
(excret ion of t he  sup ra r ina l  hormones, thyroid a c t i v i t y  f o r  example), 
excret ion of t h e  e l e c t r o l y t e s  o r  of t h e  blood coagulabi l i ty .  

It is poss ib le  t o  show these  c i rcadian  cycles  i n  animals, sometimes 
i n  an amusing manner. That i s  t h e  case of Pieron 's  experiments with t h e  
glow worm. 
noct i luen)  turns  on i ts  phosphorescent l i g h t  a t  night  t o  draw t h e  a t ten-  
t i o n  of t h e  males. During the  day, she economizes her  reserves  by ex- 
t inguishing i t .  I f  she i s  placed i n  permanent darkness,  she w i l l  con- 
t i nue  t o  sh ine  a t  night  f o r  a period of only four  o r  f i v e  days. 
t h i s  period, t he  l i g h t  w i l l  no longer extinguish i t s e l f ,  consequently, 

It is  a known f a c t  t h a t  t h e  female of t h i s  i n s e c t  (Lampyris 

Beyond 

3 



t he re  is an obvious e f f e c t  of t h e  nychthemeral cyc le  on t h e  i l luminat ion 
of t h e  glow worm. 

Once i n s t a l l e d ,  t h e  b io log ica l  cycle  may sometimes break away from 
This is shown i n  t h e  experiments of Renner and Brown. ex te rna l  cycles .  

After  inducing some bees t o  come and look f o r  t h e i r  food a t  a f ixed  hour, 
P a r i s  t i m e ,  Renner noted t h a t ,  when they were placed i n  New York, they 
re ta ined  the  same h a b i t ,  without taking i n t o  account t h e  t i m e  displace- 
ment. Brown has experimented with oys te rs  which h e  took from t h e  New 
Haven oys te r  beds t o  t ranspor t  them i n t o  a dark room a t  Evanston. H e  
noted t h a t  these  mollusks opened t h e i r  valves completely f o r  t h e  f i r s t  
t i m e  a t  a l i g h t  t i d e  i n  New Haven. But, gradual ly ,  a f t e r  a chree week 
per iod,  they brought t he  movements of t h e i r  valves i n t o  l i n e  with the  
lunar  rhythm a t  Evanston. Thus the  lunat ion,  too,  is  sometimes a t  the  
bas i s  of b io log ica l  cycles .  

On the  experimental pathology l e v e l ,  t he  study of t he  disturbances 
of t h e  nychthemeral cycle  i s  very in t e re s t ing .  Tcherkovitch has experi- 
mented with th ree  monkeys, t ra ined  i n  ordinary conditioned, alimentary 
r e f l exes  ( l i g h t ,  r inging of b e l l s ) .  After a period i n  which the  usual  
day-night cycle  had been re ta ined ,  t he  author reversed the  sequence of 
s t i m u l i  i n  var ious ways. 
one had not  y e t  been assimilated.  Thus, t h e  r e s u l t s  w e r e  as follows: 
rest and obscuri ty  by day, meal and wakefulness a t  n igh t ;  two days and 
two n igh t s  of s i x  hours each i n  the  course of twenty-four hours; then 
the  same cycle  displaced s i x  hours; however, t he  day taking the  place 
of n ight ;  thereupon i l lumina t ion  f o r  twenty-four hours,  etc. A t  t he  
end of two months of t h i s  type of aggression, a l l  t h e  monkeys had f i t s  
of neurosis .  The conditioned r e f l exes  were completely out  of phase. 
One animal w a s  very exci ted,  another w a s  p ros ta ted ,  and i t  took several 
months of normal regimen f o r  recovery. One of t he  monkeys which w a s  
pe r f ec t ly  normal on leaving,  died from an acute  coronary sixty-four days 
a f t e r  f i n i sh ing  t h e  experiments. 

Each inversion took place while the preceding 

I n  t h e  f i e l d  of aerospace medicine, Stronghold i n  the  USA w a s  one 
of t h e  f i r s t  t o  study these  problems using US A i r  Force personnel. I n  
France, Raboutet, Bousquet, Granoi t ier  and Angiboust have published a 
paper on t h e  e f f e c t s  of t h e  t i m e  displacement on subjec ts  examined a t  
t he  Centre d 'Expert ises  Medicales du Personnel Navigant de 1'Aeronautique 
of Pa r i s .  The places  w e r e  a l s o  concerned with the  malfunctions which 
they experienced: Lodeesen, F l igh t  Commander of a US Naval Aviation 
Company, col laborated with Crane, a doctor i n  the  Federal  Aviation Agency, 
i n  taking up t h e  problem i n  a recent  i s s u e  of a profess iona l  av ia t ion  
per iodica l .  F ina l ly ,  t h e  l a r g e r  magazines per iodica l ly  submit r epor t s  
on t h e  problem t o  t h e i r  readers ,  thereby demonstrating its up-to-date- 
ness and the  i n t e r e s t  taken i n  it by an even larger public.  
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11. Malfunctions of t h e  Nychthemeral Cycle 
and Civ i l  Aviation 

Here are some examples of hourly displacements: 

Paris...................U.T. + 1 (*) Anchorage ............... U.T. - 10 
New York................U.T. - 5 Hong Kong ............... U.T. + 9 
Tokyo ................... U.T. + 9 Los Angeles .............U. T. - 8 

(*) Universal t i m e ,  i .e . ,  Greenwich meridian t i m e .  

Among t h e  physio-pathological malfunctions r e su l t i ng  from these  
displacements, t h e  dis turbances i n  s leeping are, subjec t ive ly ,  t h e  most 
important. They cons i s t  of d i f f i c u l t i e s  i n  going t o  s leep ,  o r ,  per 
cont ra ,  nocturnal  awakenings during which a real ,  temporary disor ien-  
t a t i o n  may be  observed when the  displacement amounts t o  n ine  o r  t e n  
hours. A s  a matter of f a c t ,  when the  l o c a l  environment shows n ight  
t i m e ,  " the i n t e r n a l  physiological  clock" s t i l l  running according t o  
l i f e  i n  France, shows noon. This discrepancy is  t h e  b a s i s  of t h e  dis-  
o r i en ta t ion .  

Digest ive malfunctions follow immediately behind s l eep  disturbances 
i n  rank of importance. 
t i m e s  and bowel movements which upset t h e  conditioned r e f l exes  i n  diges- 
t i on .  

They are r e l a t e d  t o  t h e  displacements of m e a l  

L e t  us  take a few examples, from the  regular  routes  of A i r  France: 

Par is . . . . . . . . . . . . . . . . . .  1040 
Karachi.. . . . . . . . . . .  .... 2050 

1440 
0050 

Paris . . . . . . . . . . . . . . . . . .  1315 
Los Angeles ............ 0105 

0415 
1505 
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A t  t h e  t i m e  of t he  displacement eastward (Paris-Karachi = 4 hours 
displacement) t h e  day speeds up. 
2050, P a r i s  t i m e ,  i .e . ,  a t  the  point  designated t o  take  h i s  dinner 
a f t e r  a ten-hour t r i p .  But, alas! it is  a f t e r  midnight i n  Pakis tan,  
a l l  t h e  r e s t au ran t s  are closed, and i t  is very d i f f i c u l t  t o  g e t  any- 
thing except a "snack" i n  h i s  h o t e l  room. To 
retire before  2200 hours French t i m e  (0200 l o c a l  time) is  rare. I f  one 
has t o  work upon arrival,  he  g e t s  up a f t e r  f i v e  hours of s leep .  I f  t he  
passenger has no appointment, he w i l l  t r y  t o  s l eep  lafe ,  bu t  w i l l  have 
d i f f i c u l t i e s  with t h e  h o t e l  noises  and dayl ight  piercing the  s h u t t l e s  
which are o f t en  inadequate, o r  even non-existent. And he w i l l  have t o  
have h i s  Monday m e a l  a t  0800! W e  can conclude t h a t  he i s  hardly f i t .  
This West-East displacement is  considered t o  be the  most fa t igu ing .  

The passenger arrives a t  Karachi a t  

Sleep is  la te  i n  coming. 

The t r i p  westward (Paris-Los Angeles = 9 hours displacement) en- 
tai ls  an extension of t h e  day. Arrival a t  Los Angeles takes  place a t  
1605 l o c a l  t i m e  a f t e r  a 12-hour f l i g h t .  It is the  middle of t he  a f t e r -  
noon. I f  our passenger goes t o  bed on a r r iv ing ,  which h i s  physiological  
clock, ind ica t ing  0100, w i l l  prompt him t o  do, he  w i l l  wake up around 
0800 by h i s  clock, i . e . ,  2300 hours l o c a l  t i m e ,  with a long n ight  of 
fotced id leness  i n  h i s  room, and without any prospect of breakfas t ,  which 
w i l l  no t  be served u n t i l  e igh t  hours la ter ,  t he  tea t i m e  of t he  a f t e r -  
noon! I f  one tries t o  adapt himself immediately t o  l o c a l  t i m e  by 
dining o r  r e t i r i n g  ea r ly ,  i t  amounts t o  postponing s l eep  u n t i l  about 
0600, which is fa t igu ing ,  and general ly  does not  prevent waking up i n  
the  middle of t he  l o c a l  n ight .  

These two examples point  up a f a t igue  which may r e s u l t  from such 
aber ra t ion  of t h e  nychthemeral cycle.  The occasional passenger takes 
i t  e a s i l y  i n  s t r i d e ;  but f o r  commercial crews making continuous round 
t r i p s  and accumulating s i z a b l e  t i m e  displacements i n  var ious d i r ec t ions ,  
the  problem may become much more de l i ca t e .  For example, i t  may happen 
t h a t  a f l i g h t  over Tokyo (U.T. + 9)  is followed by a f l i g h t  over Los 
Angeles (U.T. - 8) a f t e r  a 48 hour rest i n  P a r i s .  I n  such a case, the  
time displacement may become one of t he  e s s e n t i a l  f ac to r s  i n  aerial  
fa t igue .  

111. An Inquiry i n t o  the  Objective Effec ts  of T i m e  
Displacements on t h e  Navigating Personnel . 

i n  Commercial Aviation 

12625 

The Medical Service of A i r  France has undertaken an inves t iga t ion  
0.n t h e  dis turbances i n  t h e  s l eep  and d iges t ive  processes of t h e  company 
navigating personnel, making ocean f l i g h t s  over t h e  North At lan t ic .  
quest ionnaire  c i r cu la t ed  was l imi ted  t o  t h i s  s ec to r  which has heavy 
t r a f f i c ,  and w a s  aimed a t  obtaining i d e n t i c a l  experimental conditions 
and permitt ing one t o  group and compare the  r e p l i e s .  

The 

W e  have scheduled 
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312 r e p l i e s  concerning t h e  following f l i g h t s ,  a f fec ted  by a pos i t i ve  
displacement of s i x  hours. 

Paris-New York 

Paris-Montreal 

Departure a t  the  end of t he  l o c a l  morning 

F l igh t  by day i n  approximately 8 hours 
and { Arr iva l  i n  t h e  middle of t h e  l o c a l  afternoon 

Montreal-Paris 

New-York-Paris 

Departure a t  the  end of t he  l o c a l  day 

Light by n ight  i n  approximately 7 hours 
and { Arr iva l  a t  the  beginning of t h e  l o c a l  morning 

The u t i l i z a t i o n  of t he  d a t a  obtained has been made according t o  job 
The quest ionnaire  w a s  addressed as much c l a s s i f i c a t i o n s  and age groups. 

t o  t h e  50 year  o ld  f l i g h t  commander as t o  t h e  20 year old a i r  hos tess .  
Tables with s ta t i s t ics  have been compiled and w i l l  be  the  object  of de- 
t a i l e d  study i n  spec ia l ized  aerospace medicine. To set them f o r t h  here  
would be tedious,  consequently we  s h a l l  merely r e t a i n  the  conclusions. 

A.  Paris-North America F l igh t  

On a r r iv ing  a t  New York o r  Montreal, 42% of t h e  subjec ts  have a ten- 
dency t o  s l eep  la te ,  a f t e r  2100 l o c a l  t i m e ,  t h a t  i s  t o  say,  American 
t i m e ;  23% adhere t o  French t i m e  by r e t i r i n g  e a r l y ,  before  1900 l o c a l  
t i m e ,  and 35% go t o  bed a t  an intermediary hour (between 1900 and 2100 
hours l o c a l  t ime).  The s l e e p  acquired is  o f t en  shor t e r  than normal (55% 
of the  cases) and less sound (29% of the  cases) .  It i s  character ized 
as heavy, s luggish,  sometimes f i t f u l ,  broken by dreams o r  dozing and 
followed by a l a s s i t u d e  making r i s i n g  painful .  The f a c t  of r e t i r i n g  
l a t e  does not  s e e m  i n  any way t o  reduce s l eep  during t h i s  f i r s t  n ight  
s top ,  s ince  72% of the  r e p l i e s  i nd ica t e  t h a t  waking up occurs a t  t he  
normal French t i m e ,  t h a t  i s  t o  say,  between 0200 and 0500 l o c a l  t i m e .  
About 48% of the  subjec ts  succeed i n  going t o  s l eep  again and dozing 
more o r  less, with frequent awakening, u n t i l  a normal t i m e  of r i s i n g .  
But f o r  24%, t h i s  waking up is  f i n a l ,  and makes it impossible t o  f a l l  
as leep again. They f i l l  t he  rest of t h e  n ight  reading or  with personal 
work, while waiting f o r  t he  p o s s i b i l i t y  of ea t ing  breakfast .  
hypnogenic drugs are widely used: 20% of the  sub jec t s  use them during 
runs,  as against: 5% only i n  France: 44% of t h e  hostesses  consume them 
a f t e r  f l i g h t s :  t h i s  i s  t h e  most s i g n i f i c a n t  percentage, i n  r e l a t i o n  t o  
o ther  job c l a s s i f i c a t i o n s .  Most of t he  t i m e ,  use  of t he  medicine r e s u l t s  
from t h e  imposs ib i l i ty  of f inding s l eep  because of f a t igue  and nervous 
tension;  more r e r e l y  i t  is a quest ion of going t o  s l eep  again during t h e  
n ight .  

They 

B. Layover on the  American Continent 

This layover varies i n  durat ion;  i t  may l a s t  one n ight  only o r  
several n ights ;  e spec ia l ly  i n  the  case where t h e  c r e w  makes a run on 
the  American cont inent  (New York-Mexico and round t r i p ,  f o r  example] 
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before returning t o  Prance. A s  f o r  the b r i e f  layover l a s t h g  only one 
n ight ,  a s i g n i f i c a n t  minority C3.4%) continues t o  12ve 6jr 'Prenck t h e .  
For layovers of a t  least two n ights ,  the g rea t  major i ty  C95%I adopts 
American time. 
dence normal s l eep  from the f i r s t  n ight ,  and 41% from t h e  second n ights .  
I n  35% of the cases, 3 o r  more n ights  are required before  recovering 
normal s leep .  
t he  reason f o r  t h i s  d i f f i c u l t  recovery as follows: 

During the American layover, 24% of the sub jec t s  wi- 

The personnel f a l l i n g  i n t o  the last  category explain 

F i r s t  night :  more o r  less undisturbed s l eep ,  heavy, r e su l t i ng  
from fa t igue ,  bu t  only somewhat re f resh ing;  

Second night :  f a t igue  is  no longer present  t o  induce s l eep  and 
t h e  t i m e  displacement is s t rongly  f e l t  causing waking up i n  t h e  middle 
of t h e  n ight ;  

Third n ight :  the f a t i g u e  of the preceding two dis turbed n igh t s  
f a c i l i t a t e s  f a l l i n g  asleep,  which then gives rise t o  a s u f f i c i e n t  in- 
crement t o  l o c a l  t i m e  t o  produce a waking up a t  a near ly  normal hour. 

Unusual d iges t ive  dis turbances frequent ly  occur i n  f l i g h t :  dysep- 
t i c  d isorders  (15% of subjects)  ; diar rhea  ( 9 % ) ,  cons t ipa t ion  (.29%), 
which is  p a r t i c u l a r l y  frequent among hostesses .  During f l i g h t ,  41% of 
t h e  personnel experience d iges t ive  d isorders .  The following e t i o l o g i c a l  
f a c t o r s  are most o f t en  incriminated: displacement of m e a l  t i m e s ,  unusual 
foods and condiments; imposs ib i l i ty  of a bowel movement a t  t h e  normal 
hour. 

The i d e a l  stopover t i m e  i n  America f o r  crews on an ordinary round 
t r i p  is a very cont rovers ia l  point .  About 54% of the sub jec t s  request  
a rest of a t  least two n ights ;  46% per fe r  a layover of one n ight  only. 
The arguments of t h e  sho r t  stopover protagonis ts  are as follows: 

1 - a long stopover requi res  f i r s t  of a l l  an adaptat ion t o  American 
t i m e  and, on t h e  r e tu rn  t r i p ,  a readaptat ion t o  French t i m e ,  w h i l e  a 
sho r t  stopover makes it poss ib le  t o  avoid the problems of displacement 
e n t i r e l y .  

2 - boosting rest periods i n  America is  achieved a t  t h e  cos t  of 
rest periods i n  France, which jeopardizes  family l i f e .  

3 - r e l axa t ion  taken i n  t h e  normal framework is c l e a r l y  more 
p r o f i t a b l e  than t h a t  taken during a stopover. 

c .  Return t o  France 

Night f ly ing  is espec ia l ly  taxing: 62% of t h e  subjec ts  show drow- 
ziness  during the f l i g h t  and 52% dr ink  coffee.  In 3% of t h e  cases (com- 
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mercial f l i g h t  personnel) amphetamines are used. On arrival i n  P a r i s  
i n  the  morning, 85% of t h e  sub jec t s  s l eep  a t  b e s t  a few hours of t h e  
day. This s l eep  leads  t o  the  omission of a m e a l  i n  39% of t h e  cases. 
The n ight  following the  r e t u r n  t o  France varies i n  qua l i t y ,  i .e.,  be- 
coming worse as t h e  layover i n  America ge t s  l a rge r .  Sleep comes la te  
(of ten  0200 o r  0300) and the  noises  of t h e  day are a frequent obs tac le  
t o  t h e  i d l e  morning. 

The t i m e  period t o  recover normal s l eep  is appraised d i f f e r e n t l y .  
28% of the  subjec ts  s l eep  normally from the  f i r s t  n igh t ,  42% from the  
second n ight  and 25% from the  t h i r d  o r  subsequent nights .  

The d iges t ive  d isorders  disappear i n  less than 24 hours i n  60% of 
the  cases. 

* 
* *  

Summing up, a considerable por t ion  of t he  f l i g h t  personnel s u f f e r s  
more o r  less from changes i n  t i m e  zones, be i t  a matter of s l eep  ( the  
most common), d iges t ive  funct ions o r  both.  
t i m e  displacements are not  t he  only ones responsible  f o r  malfunctions 
pointed out .  C l i m a t i c  v a r i a t i o n s ,  changes i n  nocturnal  atmosphere 
(bed, no ises ,  temperature, hygrometry, e t c . )  unusual d i e t ,  nervous ten- 
s ion ,  f l y ing  by n ight  c e r t a i n l y  play an important ro l e .  

But i t  is  , ce r t a in  t h a t  t he  

A d i f fe rence  i n  the  reac t ions  and adaptat ion t o  t i m e  displacements 
appears among young sub jec t s ,  who have not  flown much, and old subjec ts  
with a wide experience i n  zone t i m e  changes: 

- Between 20 and 30 years  of age, 42% of the  subjec ts  retire la te  
i n  New York, while those over 50 years ,  re t i re  ear ly .  

The t i m e  d i f fe rence  e x i s t s  i n  the  prefer red  stopover durat ion i n  
America : 

Of those between 20 and 30 years  of age, 67% of the  personnel would 
l i k e  a s top  of a t  least two n ights .  
n ight  s top ,  which is  more favorable  t o  keeping French t i m e .  

Above 50 years ,  70% p re fe r  a one 

- The subjec ts  who retire ea r ly  i n  New York and maintain French 
t i m e  completely are those who c l a i m  t o  s l eep  t h e  b e s t  during f l i g h t  
and bounce back t o  French t i m e  most r ead i ly  on the  r e tu rn  t r i p .  

The French regula t ion  covering hours of f l i g h t  and rest f o r  crews /2626 
does not  take  t h e  t i m e  displacements i n t o  account. Ruffle-Smith has 
attempted t o  ca l cu la t e  t h e  work of t h e  navigation personnel by assigning 
a c o e f f i c i e n t  of equilibrium t o  gross  hours f ly ing  t i m e ,  taking i n t o  
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account t h e  number of landings and takeoffs ,  meteorological conditions,  
d i f f i c u l t y  of work on board, etc. I n  our opinion, it would be appro- 
p r i a t e  t o  a s soc ia t e  crossing of t he  zone l i m i t s  with the  f ac to r s  appraising 
work i n  the  a i r  s i n c e  it is  c l e a r l y  proved t h a t  a h i t c h  on an East-West 
a x i s  i s  fa t igu ing  i n  a d i f f e r e n t  manner than a technica l ly  similar h i t c h  
on a North-South ax i s .  

I V .  Conclusions 

The importance of t h e  nychthemeral b io log ica l  cycle  is revealed by 
animal experiments as w e l l  as by subjec t ive  malfunctions experienced by 
man when a break i n  these  cycles  occurs.  While t h e  physiopathological 
e f f e c t s  of t i m e  displacements could be neglected i n  t h e  era of s a i l i n g  
sh ips ,  the  extraordinary increase  i n  t h e  speed of crossing the  zone 
t i m e s  made poss ib le  by t h e  a i rp lane ,  lending a continuously more urgent 
up-to-dateness t o  the  problem. 
l a t i t u d e ,  i .e.,  on an ax i s  running from Oslo t o  t h e  southern coast  of 
Alaska, a JET flowing westward a t  850 km/h "turns" a t  the  same speed 
as t h e  ear th :  as f a r  as i t  is  concerned the  sun remains s t a t iona ry  
i n  t h e  heaven. In  a few years ,  t he  advent of t h e  supersonic t ranspor t  
planes w i l l  even increase  these displacements. 
a t  Mach 2.2 i .e. ,  a t  2,500 km/h w i l l  l i n k  P a r i s  with New York i n  about 
t h ree  hours (allowance made f o r  landing operat ions,  subsonic rises and 
descents) :  i n  one hour, two zone t i m e s  w i l l  be  t raversed.  

A t  t h e  present t i m e ,  a t  60" North 

The "Concorde" f ly ing  

For f l i g h t  personnel these  speeds w i l l  fu rn ish  a nea t  so lu t ion  
t o  t h e  problem of t i m e  displacements: 
t i c  w i l l  become poss ib le  i n  t h e  same day, with the  same c r e w  which, 
thus,  w i l l  no longer be faced with any problem i n  keeping French t i m e  
and w i l l  avoid f ly ing  by n ight .  But i f  t he  Far E a s t  l i n e s ,  f o r  example, 
where f ly ing  t i m e s  are long and s tops  frequent ,  must be serviced a t  
Mach 2 o r  3 ,  t he  f a t i g u e  per  kilometer f o r  f l i g h t  personnel w i l l  
diminish, while t he  problem of t i m e  displacement w i l l  remain constant ,  
s ince  t h e  rest s tops  w i l l  continue t o  prove t o  be indispensable t o  
commercial exp lo i t a t ion  of t he  a i r l i n e s .  

round t r i p s  on the  'North Atlan- 

Usually the  passenger does not  c ross  a l a rge  number of zone t i m e s  
except i n t e rmi t t en t ly .  
resolved. Nevertheless, i t  is  a w i s e  s t ep ,  i f  one is employed i n  
d e l i c a t e  business a f f a i r s  requir ing t h e  f u l l  possession of h i s  mental 
f a c u l t i e s  t o  consider t h e  t i m e  displacements and make provision f o r  a 
d i f f i c u l t  recovery t i m e  before  ta lk ing  business.  

H i s  d i f f i c u l t i e s  are therefore  more e a s i l y  
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